Quetiapine is regarded as an effective and safe treatment for delirium. An 82-year-old man presented with a 1-week history of violent behavior and dizziness accompanied by weakness on the left side of his body. He was diagnosed with acute cerebral cortical infarction and delirium associated with alcohol abuse. After quetiapine treatment, he complained of fever and coughed up sputum, whereas his aggressive behavior improved. His symptoms persisted despite empirical antibiotic treatment. All diagnostic tests for infectious causes were negative. High-resolution computed tomography revealed bilateral consolidations and ground-glass opacities with predominantly peribronchial and subpleural distributions. The primary differential diagnosis was drug-associated interstitial lung disease, and therefore, we discontinued quetiapine and began methylprednisolone treatment. His symptoms and radiologic findings significantly improved after receiving steroid therapy. We propose that clinicians need to be aware of the possibility that quetiapine is associated with lung injury. Key words: quetiapine; alcohol abuse; interstitial pneumonia. [Respir Care 2014;59(10):e145-e148.
Introduction
Quetiapine (Seroquel, AstraZeneca Pharmaceuticals, Wilmington, Delaware) is an atypical antipsychotic medication effective for treating schizophrenia, bipolar disorder, and major depressive disorder. Quetiapine is indicated and approved for the treatment of psychotic disorders in adults by the United States FDA. In addition, quetiapine is regarded as an effective and safe treatment for the symptoms of delirium. [1] [2] [3] Quetiapine has several side effects, including adverse effects on the cardiovascular, endocrine, and metabolic systems, such as hypotension, tachycardia, somnolence, prolongation of QT interval, hypothyroidism, and hepatic dysfunction. [4] [5] [6] [7] However, side effects involving the respiratory system are few. A recently published report shows that quetiapine is associated with increased risk of pneumonia at the beginning of treatment, although there is no clear dose-dependent relationship. 8 In addition, interstitial lung disease potentially related to quetiapine has not been reported. Herein, we describe a patient diagnosed with drug-induced interstitial pneumonia potentially related to quetiapine therapy for behavioral and psychological symptoms.
Case Report
An 82-y-old man presented with a 1-week history of violent behavior and dizziness accompanied by weakness on the left side of his body. He was a chronic alcohol abuser and had consumed 2 bottles of distilled rice liquor (soju, alcohol content between 10 and 25%) 5 d/week for the last 30 years. He had no other significant past medical history and had never smoked.
After admission, the patient received a neurological examination, which revealed an abnormal tandem gait test, (Fig. 1, left) .
To treat the cerebral infarction, the patient was administered anticoagulant therapy along with platelet aggregation inhibitor (ozagrel sodium, 80 mg twice daily; clopidogrel, 75 mg/d), intravenous naloxone (10 mg/d), and intravenous mannitol (50 g every 6 h). He was also administered intravenous thiamine (100 mg/d) for prophylactic therapy of alcohol withdrawal syndrome and rebamipide (100 mg 3 times daily) for gastric mucosa protection. On the 2nd day of hospitalization, his behavior became more aggressive; therefore, quetiapine treatment (50 mg/d) was started. On the 4th day of hospitalization, his neurologic and behavioral symptoms showed improvement. However, he complained of fever and coughed up sputum. His clinical pulmonary infection score was 6 points (body temperature of 38.5°C, presence of group 4 nonpurulent sputum, local infiltration of chest x-ray, and radiologic progression of pulmonary infiltrates on the left lower lung fields compared to the initial study). Therefore, empirical antibiotic therapy for pneumonia was started (ceftriaxone, 2 g every 24 h; clindamycin, 600 mg every 8 h). On the 5th day of hospitalization, he experienced a persistent fever; a bronchoscopic examination was performed, and the antibiotic treatment was changed to piperacillin and tazobactam sodium (4.5 g every 8 h).
Chest radiography showed bilateral infiltrates in both lung fields along with left side pleural effusion (Fig. 1,  center) . His symptoms persisted into the 7th day of hospitalization despite 2 days of antibiotic therapy. The patient's vital signs were as follows: blood pressure, 150/90 mm Hg; pulse rate, 88 beats/min; breathing frequency, 22 breaths/min; and body temperature, 38.3°C. Laboratory tests showed the following findings: hemoglobin, 11.5 g/dL; white blood cell count, 9,400 cells/L (neutrophils, 84.6%; lymphocytes, 6.1%; monocytes, 5.8%; eosinophils, 3.1%; and basophils, 0.4%); and platelet count, 257,000 cells/L. The patient's serum biochemistry tests were as follow: aspartate aminotransferase, 82 IU/L; alanine aminotransferase, 55 IU/L; total bilirubin, 1.1 mg/dL; alkaline phosphatase, 87 IU/L; total protein, 5.0 g/dL; albumin, 2.0 g/dL; blood urea nitrogen, 8 mg/dL; creatinine, 0.7 mg/dL; C-reactive protein, 15.32 mg/dL; and procalcitonin, 0.05 ng/mL.
Follow-up chest radiography showed increased diffuse patchy and linear opacities as well as pleural effusion in both lungs (Fig. 1, right) . A high-resolution computed tomography scan of the chest showed bilateral pulmonary consolidations and ground-glass opacities with a predominantly peribronchial and subpleural distribution (Fig. 2) . The Legionella and pneumococcal urinary antigen tests were all negative. A rapid influenza antigen test was also negative, but polymerase chain reactions for 16 respiratory viruses were not performed because of his financial limitation. The bronchoscopic washing specimens were all negative for Mycobacterium tuberculosis, which was determined by an acid-fast bacilli smear, polymerase chain reactions, and microbial culture.
Based on the clinical symptoms and the low procalcitonin level, drug-induced interstitial lung disease (DILD) Fig. 2 . High-resolution computed tomography scan of the chest showed bilateral pulmonary consolidations and ground-glass opacities with a predominantly peribronchial and subpleural distribution. Fig. 1 . Left: Chest radiography showed no active parenchymal lesion on admission. Center: Day 5 after initiation of quetiapine, chest radiography showed bilateral patchy and linear opacities in both lungs. Right: After 7 days of antibiotic therapy, chest radiography showed an increase in diffuse patchy opacities in both lungs.
was suspected, and quetiapine treatment and all antibiotics were discontinued. Treatment with methylprednisolone at 50 mg (1 mg/kg of body weight) was initiated, and clopidogrel treatment was maintained. After 2 weeks of steroid therapy, his symptoms and radiologic findings significantly improved (Fig. 3, left) . The methylprednisolone dosage was gradually decreased to 10 mg/d for 1 month. The patient did not continue the recommended follow-up visits. However, 2 years later, the patient returned to our hospital and complained of knee pain, and chest radiography showed complete remission with no signs of pleural effusion or bilateral infiltrates noted (Fig. 3, right) .
Discussion
Quetiapine is an atypical antipsychotic medication effective for treating schizophrenia, bipolar disorder, and major depressive disorder. A small, randomized, placebocontrolled trial found significant improvement in noncognitive aspects of delirium with quetiapine. 9 Although haloperidol is the accepted standard for the treatment of delirious behavior, a study found that treatment with a low dose of quetiapine and haloperidol may be equally effective and safe for treating delirium. 10 Diagnosis of DILD generally depends upon a definite temporal association between a history of drug therapy and the onset and progression of respiratory complaints. Most importantly, to ensure accurate diagnosis, other causes of lung damage, such as infectious disease, must be excluded. 11, 12 Laboratory findings and clinical manifestations of DILD, such as cough, fever, dyspnea, and hypoxemia, are nonspecific. There are 2 mechanisms involved in DILD that are probably interdependent: one is cytotoxic pulmonary injury, and the other is immune-mediated. Cytotoxic pulmonary injury may occur via reactive oxygen species, reduction in deactivation of metabolites of the lung, impairment of alveolar repair mechanisms, and release of various cytokines. These include cytotoxic drugs, such as bleomycin, methotrexate, and cyclophosphamide, and noncytotoxic drugs, such as nitrofurantoin, sulfasalazine, and amiodarone. Immune-mediated DILD may be mostly T cell-mediated. For example, in minocycline-and amiodarone-induced interstitial pneumonia, some proportion may result from an immune-mediated mechanism. 12 In addition, Wijnen et al 13 indicated that various cytochrome P450 (CYP) genotypes presented substantial host susceptibility risk for the development of DILD. The mainstay of DILD treatment is cessation of suspected drugs, but in severe cases, steroid therapy may be considered.
A pathological examination was not performed on our patient. However, infectious pathogens were excluded as the cause of interstitial pneumonia, as a microbial culture was negative for infectious bacteria. In addition, the patient's symptoms and infiltrations on chest radiography occurred immediately after initiating quetiapine treatment and quickly improved after discontinuing quetiapine and initiating steroid therapy. Therefore, the patient was presumptively diagnosed with interstitial lung disease potentially related to quetiapine administration.
Several possible mechanisms may explain the occurrence of interstitial lung disease in our patient. First, our patient's chronic history of alcohol abuse may have caused glutathione depletion and increased reactive oxygen species production, which induces oxidative and endoplasmic reticulum stress and can expose the alveolar epithelium and respiratory tract to toxins. 14 Second, the lungs contain CYP2D6, which is thought to be a minor contributor to CYP-mediated metabolism of quetiapine. 15 It is considered a high-affinity/low-capacity enzyme, meaning that CYP2D6 will preferentially metabolize drugs at lower concentrations. 13 Serial liver function tests indicated mild hepatic dysfunction and increased cellular damage. This raises the possibility that CYP3A4 activity was decreased by hepatic dysfunction, and CYP2D6 had a prominent role in metabolizing quetiapine, especially at a lower concentration. In our case, increased quetiapine metabolism by CYP2D6 in the lungs may have increased 7-hydroxyquetiapine, an active metabolite that may damage vital pulmonary tissue. Finally, there are variations in the CYP2D6 alleles across ethnicities. Bradford 16 found reduced function or nonfunctional CYP2D6 alleles more frequently in Asians, Pacific Islanders, Africans, and African Americans (40 -50%) than in whites (26%). This genetic susceptibility may play a role in our patient. Consequentially, we propose that clinicians need to be aware of the potential for quetiapine-induced lung injury. Fig. 3 . Left: After discontinuation of quetiapine therapy and 14 days of steroid therapy, chest radiography showed a decreased extent of patch consolidation in both lung fields. Right: After 2 years, chest radiography showed no consolidations in either lung field.
